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' CORRELATION BETWEEN THE PERCENTAGE OF FAT 
* IN COW'S MILK AND THE YIELD * 

By Roberts ' 

Instructor and First Assistant in Genetics, Agricultural Experiment Station, University 
of Illinois 

INTRODUCTION 

It is a generally accepted opinion that cows with a large yield of 
milk produce a smaller percentage of fat than do cows with a small yield 
of milk. Stated in another way, it is thought that low-yielding cows 
produce a higher percentage of fat than that produced by high-yielding 
cows. 

To what extent this is true or not true has not up to the present time 
been demonstrated by a careful statistical investigation. Wilson ® from 
a study of the records of 2,866 Ayrshire cows concluded that quantity 
and quality (yield of milk and percentage of fat) were independent of 
each other. He states: 

If we group together all the low-yielding cows, and find their milk invariably high 
in quality, we may infer that low yield and high quality are of the nature of concomi- 
tant variations. If we group the high-yielding cows together, and find their milk 
invariably of low quality, we may infer that high yield and low quality run together. 
But if we take these groups and any other groups we can form, and find that the 
quality varies the same way in them all— that is that there are low qualities, high 
qualities, and medium qualities in every one of them— then we are justified in inferring 
iat the quantity and quality of the milk are independent of each other. And this 
is what we do find. 

In a criticism of this work Pearson,® by means of a correlation table, 
showed that there was a small but significant decrease in the percentage 
of fat mth an increase in the yield of milk, and pointed out the fallacy of 
such a process of reasoning in connection with statistical data. 
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Wilson did not handle his data in such a way as to bring out the rda- 
tionship which exists between the quantity and quality. In “The 
Principles of Stock-Breeding," Wilson ^ again writes: 

In connection with yield and quality in milk, it has been assumed, frequently, 
that the two characters are interdependent: that when the one is high the other must 
be low. It has been found that this is not so. The characters are independent and 
have no effective influence upon each other. High quality of milk is found among 
cows giving all kinds of 3deld, and low quality is found similarly. 

It seemed to the writer that it might be of some value to make a more 
careful statistical investigation of this question with our American 
cattle. 

SOURCE OF DATA 

In the registers of the different American associations is to be found a 
large body of data which furnished the major part of the material for 
this investigation. There are involved in this study the following: 
2,141 yearly tests of Jerseys, Register of Merit, 1911, 1913; 31564 
Guernseys, Guernsey Breeders’ Journal, May, 1915; 1,925 Holstein- 
Friesians, Holstein-Friesian Advanced Register Year Book, volumes 
21-26; 1,091 Ayrshires, Year Book of the Ayrshire Breeders’ Association, 
1907, 1911, 1913, 1914; 98 Ayrshires*; 750 grade Jerseys* and 341 
grade Holsteiii-Friesians^; and 2,002 * yearly tests of cows unclassified 
as to breed. 

Only the yearly tests were used for the reason that a yearly record is 
a more reliable criterion of a cow’s performance and ability than a shorter 
test. It should be pointed out here, that in the case of the records from 
the associations, selected groups of individuals are involved in this 
study, since only selected individuals are subject to entry in the registers 
of the associations, 

The method of finding the relation between the percentage of fat and 
the yield of milk is by means of the correlation table. The cows are 
grouped, according to age when the test began, into the following groups : 
2 to 3 years, 3 to 4 years, 4 to 5 years, and 5 years and over. The last 
group comprises what are usually held to be mature cows. These are 
not exact di\nsion 5 according to age, since a given group may contain 
indmduals differing in age by almost a year. For example, the 3-to-4-year 
group contains those cows with tests beginning at some time after they 
were 3 and before they were 4 years old. A cow with a test beginning 
the day she was 3 would be practically a year younger than one having 
a test starting when^'she was one day under 4, though both would be 
classed in the same group. Of course, there are few cases of this kind. 

I W11.SON. James. Tns principi,es OF stock-breeding, p. ui-ias, LcHidon, 1912, 

* Furnished by Mr. C. M. Winslow. Secretary oi the Ayrshire Breeders’ Association. 

* Obtained from Mr, W. W. Yapp, lUinds Agricultural Experiment Station. 

* Obtained from Prof. Vv. J. Fraser, Illinois Agrictdtural Experiment Station. 
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POSSIBLE SOURCES OF ERROR 

In some of the breeds, Jersey and Guernsey, a yearly test consists of 
any 365 consecutive days. This may cover parts of two lactation 
periods, which is not a ^rious objection, since the study is interested in the 
relation between the percentage of butter fat and yield of rnilk in groups 
of individuals and not in the individual herself. In other words, the 
question is to what extent, if any, do cows with large milk yield tend to 
show a low percentage of fat, or cows witli a low milk yield to show a 
high percentage. The Ayrshire Asswiation specifies both the amount of 
milk and butter fat necessary for entrance. In the otlier associations only 
the butterTat yield is specified. Unless the retpurcincnls of the Ayrshire 
Association are in accordance with the natural relation of butte r-fat and 
milk yield, one would cxjjiect to find abnormal results in such a selected 
group, which would not hold for Ayrshire cattle in general. This point 
will be treated more fully later in this paper. For tlie grade Jer.seys, 
grade Holstein-Friesians, and cows unclassified as to l^rc'cd, it should bC' 
pointed out that the populations are composed of a heterogeneous lot, 
and whatever results are found will aiijily only to such mixed popu - 
lations. 

ANALYvSr.S OK DATA 
JERSIvV 

Tables I to IV show, in the form of correlation tables, the distri- 
bution of individuals with regard to the yield of milk and the percentage 
of fat. Table V contains all the tests of Jerseys regardless of age and 
was made by combining Tables I to IV. Text "1 ai)Ic A sunmiarii:es the 
means, standard deviations, coefiicients of variability of milk and fat, 
and the correlation between the percentage of fat and the yield for 
Jerseys of different ages, and for Jerseys, irrespective of age. 


TabL'^ a . — Summary of results from a stiidy of the correlation hcUccen the percentage of 
fat and yield of milk for ferscys 

[Piit ill iHTCcrifnfic; milk in poKiidisi 


Aee, 

Num- 
ber of 
animals. 

of 

test. 

Mean. 

Standarfl 

Cf^pRldtrit 
of vnri.i- 
bility. 

Correlation. 

VeCTS. 



6,475.0 ±28.5 

1,270.5 ±20-5 

0. si7± 0 008 

19- 62±a31 

0. 36o±o. 020 



{pat 

9. «2±0. 15 



5.4JS± 0-012 

7,325,0 1 

5. 40i± 0. 019 

3 t04 

4U 

i/Milk 

IFal 1 

1)377- 5 i3i-4 

0. 5624: 0. 013 

18. 8tia46 ' 
10.41 ±0.25 , 

>~o.437±0.O27 

4 to 5. 


/Milk 

£,043-4 ±60. 7 1 

5. 462^; 0- 024 { 

i)33l*S *41-9 

0" 533i 0. 017 

16.574:0.55 

g. 7fi4:a32 j 

1— O,3S9±0.C40 

2ia 

IFat 


5 and over 

634 

/Milk 

8,814.5 ±4.M j 
5. 322 i 0. 013 i 

I, §08. 5 ±3i».S 

C.S02± 0. DJO 

i 8 .i 5±0.35 I 

, 9.444:0. 18 

||~0.397io-023 

All 

2,141 

Kfilk 

VFat 

7,491.4 ±15-0 
5.392^: 0.008 

1,718.0 ±17-7 

0. 52S± 0.005 

22- 93±0- 3S 
5^. 74io. ro 

iy~o.354ic.oi3 





i 
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The correlation is negative and very significant for all ages. When 
judged by their probable errors, there are no significant differences among 
the correlations for the different groups. 

The milk yield increases from an average of 6,475 pounds for the 2-to- 
3-year-oId class to 8,814.5 pounds for the mature class (fig. i). Since 

there is a marked 
negative correlation 
between the percent- 
age of fat and yield 
at all ages, one might 
look for the percent- 
age of fat to decrease 
as the yield of milk 
increases with the age 
of the cows. The 
class which is 5 years 
and over shows a 
slightly smaller per- 
centage of fat, but 
the 4-to-5-year-old 

Flo. I .—Graphs showing the averages of the milk yield for the dlffexent 0 hivher 

ages of cows. ® 

percentage than the 

. 3-to-4-year-old class, though the difference is not significant (fig. 2). 
On the whole, the percentage remains practically the same. This may 
be due to the relatively stable relation between the amount of fat and 
yield throughout the growing period of the individual cow. Holdaway ^ 
found this to be true for Holstein-Friesians, using the 7-day records. 



Stated in another way, 
the percentage of fat 
seems to be fairly con- 
stant throughout the 
life of a given individ- 
ual, but different indi- 
viduals show differing 
percentages of fat. 
The results show that 
at a given age cows 
with a high milk yield 
tend to produce a 
lower percentage of 



OKJW 

AerftzMMts) 


Fio. a.— Graphs showing the averaces of percentages of butter fat for 
different breeds of (X>ws. 


fat than do cows with a low milk yield. This is expressed by the nega- 
tive correlations obtaine^. T^le B illustrates in another way that this 
is true. This table is the result of arbitrarily dividing Table II mto 
three parts, cows yielding 4,500 to 6,500, those yielding 7,000 to 9,000, 


^HoIJIAWAY, C. W. STATIsnCAI, WBIGHIINO fOE ACS 09 AOVANCBD ESGISTEY COWS. In AmCf. 
Nat., V, JO, no. 599, p. 676-^7, a fig. 1916. 
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and those yielding 9,500 to 13,000 pounds of milk, and finding the aver- 
age yield of milk and percentage of fat. The decrease from 5.657 per 
cent for the first group to 4.941 per cent for the third group is very sig- 
nificant Any group of cows showing a negative correlation between 
percentage of fat and yield of milk would give, in general, the same 
results if treated as was Table IT 


Table B. — MiJk yield and percentage of butter fat of Jerseys j to years of age 


Nuinbff of animaJs. 


220 

39 


Extronn of milk 
yield. 


Pouttdt^ 

4, 50a- 6, 500 
7, 000- 9, 000 
9) 


Avcrfltfp milk ; 

Avcthkp fK“r- 

yield. 

I’cntiiuc oi (iit, 

Piruttiis, 1 


^049-3 

5. <^57 

7»^^77-3 

5- 307 

'0.307- 7 i 

4. 941 


GUKKNSl'Y 

Tables VI to IX show the distribution of individuals with regard to 
the yield of milk and the percentage of butter fat, in the form of correla- 
tion tables. Table X combines Tables VI to IX. Table C gives 
the means, standard deviations, coefficients of variability of milk and fat, 
and the correlation between the percentage of fat and yield of milk for 
Guernseys of different ages. 


Table C. — Summary of results from a study of the correlation between the percentage 
of fat and yield of milk for Guernseys 

IFat in percentage; milk in pounds) 


Age. 

Ntini' 1 
berof 1 
ani- 
mals. I 

Type ol 
test. 

Mean. 

Standard : 

deviation. j 

1 Coefficient ' 

1 _ of , 1 

variability. 

1 Correia tiem. 

Yearj. 

i,37S 

piilk 

IFat 

7,608.0 dbj8.R 

1,584.0 *30.4 

30. 8i±o. 77 

0 351*0.017 


5.o65± o-ooS 
8,317.0 ± 49-3 

0. 458* 0. 006 
1,854.0 ±34.8 

J>. 03*0.33 ; 
3J. 99*0.44 1 

; to 4 


/Milt 

IFat 

j— 0.389*0.034 


5.080* 0.013 
9,247.0 ±62.6 

0- 477* o- 009 
3,030.0 ±44-3 

9- 39*0. 18 1 

31.95*0. 50 i 

4to5 

478 

/Milk. , , 

0. 364*0.019 

5 And over 

r.ofiv 

/Milk 

\Fat 

S' 046* 0. 014 
9,8930 ±43-8 
4.956* a 010 
8,644-4 ±»3-7 

0. 463* o. OJO 
9,067.5 ±30. J “ 

0. 478* 0. 007 
3,095.4 *>6.7 1 

9- 13*0. 30 1 
20. 90*0. 68 
9.64*0,30 
34. 34*0. 30 

0. 337*0.018 

All Ages 

3,564 

/Milk 

\Fat 

1—0. 396* & 010 


5,o33± 0.00J 

0.471* a 004 

9.35*0. 0« 






The correlation coefficients are negative as in the case of the Jerseys, 
but slightly smaller. Kor the Jerseys they range from —0.359 ±0.040 to 
— 0.437 ±0.027, while for the Guernseys the range is from —0.251 ±0.017 
~o.337±o.oi 8. The yield of milk gradually increases from an aver- 
age of 7,608 pounds for the 2-to-3-year-old class to 9,893 for the group 
which is 5 years and over. The average percentage of fat varies from 
4.956 ±0.010 for the group which is 5 years and over to 5. 080 ±0.013 for 
the 3-to-4-year-old class. (See fig. 2,) 




72 


Journal of Agricultural Research 


VoL XIV, No. a 


HOLSTEIN-PRIESIAN 


Tables XI to XIV exhibit the distributions of individuals with regard 
to the yield of milk- and the percentage of fat in the form of correlation 
tables. Table XV combines Tables XI to XIV. Table D summarizes 
the means, standard deviations, coefficients of variability for milk and 
fat, and the correlations between percentage of fat and yield for Hol- 
stein -Friesians of different ages. 


Table D . — Summary of results from a study of the correlation between the percentage of 
fat and yield of milk for Holstein-Friesians 
[Fat in percentage; milk in pounds) 


Age. 


Num- 
ber of 

toals. 


Years. 

3 to 3 

3^4 

4^5 

5 and over . . . 


6io 

341 

393 

6 S 3 


All ages , 


1-935 


Type of 
test. 

Mean 

Standard 

deviation. 

Coefficient 

of 

variability. 

toilk 

13,488.5 ± 

80.4 

3,943-0 ±56.8 

33. 56±o.48 

IFat 

3-462± 

0. ooS 

0. 394± 0.006 

8. 5Q±a ifi 

/Milk 

X3-938.S ±116.5 

3,188.0 ±83.4 

32. 87 ±0.63 

IFat 

3‘433± 

0.01 3 

D.333± 0.008 

9.38±o. 24 

/Milk 

I4.8as-S ±124-4 

3,151.0 ±87.9 

31. 35±o. 63 

\Fat 

3- 4i7± 

o.or2 

D.3i3± 0.009 

9. i7±o. 26 

/Milk 

x6, 380- 0 ± 

94-4 

3> 654-5 ±66.7 

23.4S±o.43 

IFat 

3. 420± 

0. 008 

0. 301 ± 0. 006 

8.8i±o. r6 

/Milk 

14-4432 ± 

56. 0 

3-640.7 ±39-6 

35. 3I±0. 29 

iFat 

3-43S± 

0. OOS 

o.30S± a 003 

S.38±o.io 


Correlation. 


c. ii 6 ±o.o 37 

o- 160^:0.039 
o. o88:to. 039 
o. 115^0.036 

|~0. i 33 ±o.oi 5 


The correlations are much smaller for the Holstein-Friesian than for 
the two preceding breeds. They range from — 0.088^:0.039 to —0.160^: 
0.036. The first is not significant when judged by the probable error. 
The milk yields increase regularly from 12,488 pounds for the youngest 
class to 16,280 for the coldest. The percentages of fat remain practically 
constant for the ditlerent ages, (See fig. 2.) 

AYRSHIRE 

Tables XVI to XIX are correlation tables for the different classes of 
Ayrshires. Table R gives means, standards deviations, coefficients of 
variability for milk and fat, and the correlations between percentages of 
fat and yield of milk. 


Table E. — Summary of results from a study of the correlation between the percentage of 
" ^ fat and yield of milk for Ayrshires 

[Fat in percentage; milk in pounds] 


Num- 
ber of 
ani- 
mals. 

Ty[>eof 

test. 

Mean. 

Standard devia- 
tion. 

Coefficient of 
variability. 


/Milk 

7-960.5 ± 47-9 

1,314-5 ± 33-9 

i 6 . 5 t±o .44 

•343 

\Fat 

4-oi6± 0.01 1 

' 0. 3to± 0.008 

7. 7i±o. 30 


/Milk 

9,179-5 ±86-1 

1,769-5 ± 6 o -9 

I 9 . 38 ±o .69 

19a 

IFat 

3.936± 0.014 ; 

o.3i4± o.ori ' 

6 . 3 s±o- 28 


/Milk 

9,584-5 ±83.5 

1,566.5 ± 59-1 1 

16. 34 ±0.63 

100 

IFat 

3-9i9± 0-016 

o.303± o.oir 1 

7 - 73 ±0- 29 


/Milk 

10,726- 0 ±67. 1 1 

1,980.0 ±47-5 

18. 46±o.46 

39 ° 

\Fat 

3.86s± 0.011 

0.3I3± 0.008 

8. io±o. 19 


hnik 

9 , 417-1 ± 41-7 

3,044.4 ±39.5 

21. 71 ±0.33 

1^091 

\Fat 

3.933± o-oo6 j 

o^i8± 0.005 

8.o8±o. 12 


Years. 

»to 3 

3to4....;.. 

4 to s 

5 and pver. . 
All ages 


4-o-oi9±o.036 
—0.093 ±0.048 
^—0.023 ±0.053 
0 . 047 ± 0.034 
■o. r38± 0.030 
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In no one of the four groups classified as to age is there a significant 
correlation, meaning that for these dasses of individuals studied the 
milk yield and percentage of fat are independent. It is curious that this 
breed should have a different relation existing between fat and milk than 
that of the Jerseys, Guernseys, and Holstein-Friesians. This result is 
probably due to the fact that they are a much more highly selected group 
of individuals than in the case of any of the other breeds, o\\Hag to the 
requirements for registry imposed by the Ayrshire Association, The 
minimum requirements are as follows: 


A^e. 

Weight of inilk.| W'eicht of fat. 

2 to 3 

3 to 4 i 

4t0 5 i 

5 and over 

Pounds. 

6, 000 

6, 500 

7 , 500 

8, 500 

Pounds. 

314-3 

236.0 

279.0 

323.0 


This would mean that upon the basis of these specified amounts the 
percentages of fat for the different ages would be as follows : 


3 to 3 years 3- 57^ 

jto/tyears 3.631 

4 to s years 3-720 

5 years and over 3-788 


A gradual increase in the percentage of fat as the age increases is to 
be noted. This is contrary to what was found to exist for the other 
breeds. For Table XX, constructed from Tables XVI to XIX, a corre- 
lation of —0.138 ±0.020 is found. This is practically the same corre- 
lation found for the Holstein -Friesian cows. This negative correlation 
resulting from combining the subgroups of Ayrshires is to be expected, 
since there is an increase in the milk yield with age and a decrease in 
the percentage of fat. (See Table E.) It may l>e that the require- 
ments for entry in the register of the Ayrshire Association tend to elim- 
inate high-yielding cows with a low percentage of fat and low-yielding 
cows with a high percentage of fat. 

The correlation between the yield and percentage of fat for 98 Ayr- 
shire cows which were tested and failed to meet the requirements was 
found to be 

^ = -‘0.226± o . o 65. 

A larger number of such tests would be necessary to determine whether 
a difference exists between cows whiclwneet the requirements and those 
which do not. 
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The percentage of butter fat among these 98 tests decreases with age 
as in Table E, as follows : 


Number of 

animal*. 

Age. 

Percentage 

(rffat. 

19 

Yran. 

2 t03 

4. 1 12 

22 1 

3 to 4 

4-035 

20 

4 to 5 

3' 997 

37 

5 and over . . . 
1 

3. 842 


The work of Speir ^ shows that there is a slight tendency for the per- 
centage of fat to decrease in Ayrshires after the third year. Both Jer- 
seys and Guernseys of 5 years of age and over show a slight decrease. 
(See Tables A and B.) The mature ckss of Holstein-Friesian co^, 
however, does not show a decrease (Table C). 


cows NOT PUR^“BRgD 

The writer thought it would be of interest to see the extent of correla- 
tion between the yield and percentage of fat in cows not pure-bred. 
Grade Jerseys, grade Holsteins-Friesians, and cows unclassified as to 
breed are considered. 

Tables F, G, and H give the results of the study for the different 
classes in the order given above. 


TablB F . — Summary of results from a study of the correlation between the percentage ef 
fat and yield of mi Ik for grade ferseys 

[Fat in percentage; uiilk in pounds] 


Age. 

Num- 
ber of 

ftnmiAU 

Type (rf 
test. 

Mean. 

Standard 

deviation. 

CoefiSinent 
. ^ 

variability. 

Yeurs. 

a to 3 

tor 

pWilk 

\Fat 

4,663-5 ±8 i ‘7 

S. io6± 0.033 

1,317.0 ±57-8 
0-489* 0-033 

36.10*1.33 
9 * 57 * 0- 43 

3 to 4 

iss-.-- 

jMillt 

\Fat 

5 ,csS -5 ±71-3 

5. 124± 0.033 

1,316-0 ±50-4 
o.S 92 ± 0.033 

*6.13*1.07 
11.56*0, 45 

4 to 5 

146 

/Mint 

\Fat 

5,298.0 ±71.5 
5 .o 68± 0.039 

1,281.5 *50.6 

0. $30* 0.031 

24. 19* 1. 01 
10.36*0.41 

5 and over 

348....; 

/Milk 

5, 504- 5 ±48- 1 

1,339-0 ±34-0 

24.14*0.65 

iPat 

4.933* 0.033 

0.606* 0-016 

13-33*0.33 


Con-datko. 


— o. tl4±ao66 
-’0. 334^0.051 
— O- 373 ± 0 . 0 ^ 
— o. 138 ±x>.Q 35 


1 Spbir, John, uax bscokds. In Tnuss. HighUnd. and Agr. Soc. Scotland, s. Sr v. i6, p. 170-229. fig. 
28-30. 2904. 
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Tabi.9 G . — SutHmary of rtsulU from a study of the correlaiion hetvieen the percentagf of 
fat and yiela of milk for grw Holstein-Friesians * 

(Pat in percenUfc; milk in poonds] 


Age. 

Num- 
ber of 
animals-j 

1 

Type of j 
test. 1 

j 

Mean. 

! Standard j 

j deviation. j 

1 

Coefficient 

of 

variability. 

Correlation. 

Ytars. 

a to 5 

76 ' 

fMilk 

5.776.5 ±> 15-4 
3-68S:L 0-028 

6.727.5 ±112-1 
3.5M± 0.025 

7,505-0 ±214.8 
5 . 58 i± o.(nt 
7,441.0 ±iC 4 .i 1 
5. S 46 ± 0- 025 1 

! i 

1,465.5 ± So. 1 

2 S. 57 ±I -48 

0. 2n±o. 074 

0.54s i 0.063 

3 to 4 

88 

/Milk 

0. 56i± 0. 02O 
1 , 559-0 ± •} 9-3 

o .544 ± 0.0(8 

3 ( 059-5 ±» 5 i -9 

9. 8o±o. 54 
25.l7±r. 14 

4 to s 

41 1 

fMilk 

9 . 64 ±o .49 

1 27 . 93 ±*-»J 

>—0. 155*0- X03 

/— 0. 2l2±0. 058 

5 and over 

136.... 1 

/Milk 

|Fat 

0. 591 ± 0- 029 
li 7 !W -0 ± M-6 
0 . 440 ± 0.018 

10. 92 ±0-83 
' 24. »8±i.05 

1 i 2 . 59 ±o- 5 i 






TablQ K.’—Summary of results from a study of the correlation between the percentage of 
fat and yield of milk for cows unclassified as to breed 

[Pat in percentage; milk in pounds! 


Age. 

Num- 
ber of 
animals. 

Type of 
test. 

Mean. | 

j devialion. 

1 

Coefficient 

of 

variability. 

Correlation. 

Adages 

1,002. .j 

/Milk * 

tPat i 

5,824.6 ±28. 5 
3.902± 0. cog 

i 

j 1,888.2 ±20.1 

o.575± 0.006 i 

32.42*0.38 ! 
14.75*0.16 1 

0-359*0-013 




There is a very significant negative correlation between the yield and 
percentage of fat for all three classes of cows represented by the three 
foregoing tables (Tables F-H). 


CONCbUSIONS 

(1) A significant negative correlation exists between the percentage . 
of fat in cows’ milk and the yield for the Jerseys, Guernseys, Holstein- 
Friesians, grade Jerseys, grade Holstein-Friesians, and cows unclassified 
as to breed. The correlation for Ayrshires is not significant in the sub- 
groups classed in respect to age, but it is significant when these groups 
are treated as a whole. (See Tables XXI and F, G, H.) 

(2) The 3deld of milk increases with age. However, since all cows 5 
years of age and over are classed together, it may well be that the yield 
decreases at some period beyond 5 years. Pearl and Patterson * showed 
that in Jersey cows using the 7-day records that the maximum produc- 
tion is reached between the eighth and ninth year. Crowther* from 
records of Ayrshires is of the opinion that maximum production is close 
to the eighth year. (See Table XXI and fig. 1 .) 

(3) In the Jerseys, Guernseys, and Holstein-Friesians the percentage 
of fat remains fairly constant for the different ages studied. However, 

* PttAu, Raymood. and Patterson, Sl W. ths csanob ot muc novr wna aob, as DSteMMonCB 

Mom tbk ssvBH'DAy xg{:oKos ot jekssv cows. Maine Asr. Exp. Sta. Bui, 262, p. 145-153, 7. 1917. 

• Crqwthbr, Charka. vARurroN in mg coMrosmew of cow’s iquc. In Jour. Agr. 8d,, v. i, pt 3 , 
M49-175. 1905. 
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the group 5 years of age and over in the Jerseys and Guernseys shows a 
slightly lower percentage of fat than the younger groups. In the case 
of the Ayrshires, there is a gradual decrease with age. Between the 
youngest and oldest groups there is a difference of 0,151 per cent. (See 
Table XXI and fig. 2.) 

(4) When judged by the standard deviation, age has no influence on 
the variability of the percentage of butter fat. But the class 5 years of 
age and over is more variable in the yield of milk than the* younger 
groups. This may occur because of the inclusion in this group of old 
cows whose milk yield has decreased. (See Table XXI.) 

(5) The breed has an influence on the variability of milk yield and 
percentage of fat, using the standard deviation as a basis of comparison. 
For variability in yield the breeds stand in the following order in an 
ascending scale: Jersey, Ayrshire, and Guernsey practically the same, 
Holstein-Friesian. For percentage of fat, the order is: Holstein-Friesian 
and Ayrshire about the same, Guernsey, Jersey. (See Table XXI.) 

(6) For the production of milk the breeds stand as follows (see Table 


XXI.) 

Pounds. 

Holstein-Friesian 14,443.1 

Ayrshire 9,417.1 

Guernsey ' 8, 644. 4 

J^y 491- 4 

(7) The average percentages of iat for the different breeds are as 
follows (see Table XXI.) 

Pounds. 

Jersey 5.392 

Guernsey 5.033 

Ayrshire 3.933 

Holstein-Friesian 3-435 
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Tabl,® IV . — Correlation between the percentage of fat in cow's milk and the yield — Registered Jerseys 5 years and over 

Percentage of fat 
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-0.397±0.023 





spunod ifj ‘3i[}in p p\3i]^ 


Tabi^E VI . — Correlation between the percentage of fat in cow^s milk and the yield — Registered Guernseys 2 to 3 years of age 

Percentage of fat 
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ev, the petcentage of fat in cow^s tnilh and the yield — Registered Guernseys, all ages 




July 9. wi9 Percentage of Fat in Cow's Milk 

Table Xl.—Corrtlation between the percentage of fat fit c0w*s and yieldr^Reg- 
isiered Holsiein-FriesiaHs 2 to ^ years of 

PerccnUee d fat 
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ate Xll,— Correlate between the percentage of fat in cow's milk and the yield— 'Reg- 
ister^ Holsietn'Ftiesians J to 4 years of age 


PtrcfinUge fat 






Percentage of Fat in Cow's Milk 



Yield of milk, in pounds 
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Tabus XIV . — Correlation between the percentage of fat in cow*s milk and the yieJd— 
Registered Holslein^Friesians 5 ^rs and over 

Percentage of fat 



r=— o.iis±o.o36 




Yield of milk, in 


July 8, 1918 


Percentage of Fat in Cm’s Milk 
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TAfitB XV,—Comlafidii between the percentage of fat tti cow's milk and the yield— 
Registered Holstein-Friesians, all ages ' 
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TabItS XX.I . — Summary of results from a study of the correlation between percentage of fat and milk yield among dijffereni breeds of dairy cows 
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CONTRIBUTION TO THE KNOWLEDGE OF TOXOPTERA 
GRAMINUM IN THE SOUTH 


By Philip Luginbill, Entomological Assistant, and A. H. Bbybr, Scientific Assistant, 

Cereal and Forage Insect InvestigaUorcs, Bureau of EnUmology, C/m'W States De- 

Partment of Agriculture 

INTRODUCTION 

Although the spring grain aphis {Toxoptera graminnm Rondani) has 
been treated fully in a bulletin ^ issued at a compamtively recent date 
by the United States Bureau of Entomology, the life<history studies 
mentioned therein were conducted primarily in the North, where sexual 
forms appear and the vi^ipa^ous ones die off annually in the fall of the 
year. Comparatively little was known at the time of that publication 
of the life history of the species in the South, especially in the Southeast. 
Consequently the establishment of a field station at Columbia, S. C« 
afforded the senior writer a good opportunity to make a study of the 
insect in that section of the United States. This study was begun in the 
spring of 1913, continued through the year 1914, and to the spring of 
1915. Its purpose was to ascertain whether or not Toxoptera graminum 
in that latitude breeds viviparously throughout the year, and, if so, 
(0) for how long a period it breeds in this manner, (&) whether or not 
the strain becomes weaker as it gets older, and (c) whether or not sexual 
forms are produced. 

In addition to this study a number of molting experiments were con- 
ducted during the spring and summer months of 1914 in order that the 
variations in the duration of instars as caused primarily by temperature 
conditions might be learned. 

During the year 1914 the senior writer was assisted in conducting the 
experiments by the junior writer, and during the former's absence in the 
fall of that year the latter took charge of the work. 

METHOD OF PROCEDURE 

The breeding of series of generations began in March, 1913, with an 
individual taken from the field. The first-bom of this individual was 
isolated as was the first-born of this and each succeeding generation in 
this series. A careful record was made of their progeny and of the 
length of life of the individuals constituting the generations. Similarly, 
a specimen and a record were kept of the last-bom of the individual 
collected, and of the last-bom of every succeeding generation originating 
in this series. The series collectively will be known in this paper as the 
“A" series. 


* P. M., and Pboups. W. J. thb sfkzko grain aphis or " citagN boo." 
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In the spring of 1914, 
after the A series had been 
running for one year, fresh 
series of first-bom and last- 
bom individuals were begun 
from an individual taken 
from the field, and similar 
records made as to the lei^h 
of life and number of young 
of the individuals constitut- 
ing the generations,. These 
series, called the “B” 
series, were continued until 
the spring of 1 9 1 5 , or almost 
one year, after which they 
were discontinued and other 
fresh series started similar 
to the B series of the pre- 
ceding year. These series, 
known as the C series, were 
continued until the A series 
gave out completely. 

The purpose of conduct- 
ing the B series and C series 
was to solve part “b” of 
the problem by comparing 
results with those obtained 
in the A series 

APPEARANCE OF 
OVIPAROUS FORMS 

No oviparous forms ap- 
peared during the first year 
the experiments were in 
progress, the species breed- 
ing viviparously throughout 
that winter (i 91 3-1 4). 

In the fall of the second 
year, however, all the last- 
bom individuals of the 
seventeenth generation de- 
veloped into oviparous 
females. One individual of 
the line of generations of 
those last bom in the B series 
in the late fall of 1914 also 


July 8, 


Toxoptera graminum ui the South 


99 


developed into an o\’iparous female. From one of the oviparous forms in 
the A series a number of eggs were obtained but these eggs were infertile 



Flc. a.~Oraph showug the comparative punibi-r uf ycmiic of the in.iivMuats of 
Toti'Plcra {nriifftmitm in the R scries plotted against Uic dateoi binli of vhc indi- 
viduals, Columbia, S. C., March 23, igi^.to April 26, 1515. Solid liJU'Sreprwent 
theyouncof the first-born and bre^en lines the young of the last horn itidivuln.ds. 

as no males had developed in any. of the cages and none could be fountl 
in nature. The females lived for about one iiiontli. it seems entirely 
probable that if fertile eggs had been obtained they 
would have hatched either during warm days in win- 
ter or early the following spring. According to 
Webster and Phillips/ it is necessary for the eggs to 
be subjected to cold weather and freezes to make 
hatching possible. Freezes occur in the latitude of 
Columbia, vS. C,, although they are not so severe as 
are those in the region where the species was studied 
by Mr. Phillips; yet it seems possible that they were 
sufficiently severe to meet amditions necessary for 
the hatching of these eggs. 

COMPARATIVE NUMBER OF VOUNG OF INDI- 
VIDUALS IN THE DIFFERENT SERIES 

Fw, 3.-craph showing com- A compaHson of the number of young of the indi- 

''w in the dilTerents series is shown’ in figures i 

pi^a graminum in the c to 3. Thc soUd Hncs in thcsc diagrams represent the 
of the first-bom and the broken lines the 
viduab. coiombu.s. c, youHg of tfac last-bom individuals. The largest 
ms"! soid number of young bom from any individud in the A 

the young of the firet-boni series WAS 88 , the reproductive period being orily 22 
^th^ust^ This individual was born during the month 
of April, 1913. During the following winter another 
individual gave birth to 82 young, the reproductive - period in this csifie 

t WsBSTBK, P. U., and Phiuifs, W. J. at. or. 



57665*>^18 3 






lOO 


V«^ XIV, No. 2 


Journal of AgnculiurcU Research 



being 6o days. This female 
was bora about the middle of 
November (1913) and lived 
until aJmosf the middle of 
the following February 
(1914). The low level in 
reproduction in this series 
was reach|d during the sum- 
mer months. The average 
number of young produced 
during these months is only 
about half that produced in 
early spring or late fall. 
Figure i shows further 
that the average number 
of young of the individuals 
during the first year was 
g reater than the numbe r 
produced from the indi- 
viduals in the second year. 
This would seem to indi- 
cate a weakening of the 
strain. If, however, the 
average number of young 
produced during the second 
year in the A series is com- 
pared with the average 
number produced in the B 
series during the same 
period it will be noted that 
there were more young in 
the former series than in the 
latter. If the number of 
young aphids during the 
spring of the third year in 
the A series be compared 
vrith those in the C series 
during the same period it 
will be sera that there were 
more young in the latter 
series than in the former. 

The female representing 
the seventy-first generation 
of first-bom individuals in 
the A series died without 
producing young. 
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COMPARAtIVE length OF LIFE OF INDIVIDUALS IN THE DIFFERENT 
SERIES 

The length «of life of individuals constituting the generations in the 
different series is clearly represented in figures 4, 5, and 6, In these 



Fig. showing comparative length of life oi the individuals of Toxopiera 

graminum in the B series plotted against the date of birth of the individuals, 

Columbia, S- C,, March 23, 1914, to April 26, 1915. Solid lines represent gen- 
eratioas of first-bora and broken lines generations of last-born individuals, 

diagrams the heavy solid lines represent firstborn individuals and the 
broken ones last- bom individuals. By referring to figure 4 it will be 
seen that the life of individuals bom during 
the months of ^lay, June, July, and August was 
much shorter than of those born during the fol- 
lowing four months ; in fact, the individuals born 
during summer lived only about one-half as long 
asthose bom during fall. The longest-lived in- 
dividual in this scries was born during the latter 
part of October and lived for a period of about 
three months. The individuals born during 
the summer months of the second year in the A 
series were shorter lived than were those bom 
during the same months the preceding year in 
the same series. Similarly the individuals bom 
during the fall and early winter of 1914 were 
also shorter lived than were those bom during 
the same period in the preceding year in this 
series. This fact would seem to indicate that 
the strain becameweaker the second year, and 
this presumption is supportefL further by the 
results obtained from the conirol experiments 
conducted during the year 1914, known as the series. By comparing 
the individuals in the A series with those of the B series it will be noted 
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Fig. 5 . — Grapb showing compara- 
tive length of life of individuals 
of T oxoptera graminum in theC 
series plotted against the date of 
birth of the individuals . Colum- 
bia, S. C., April 10, igts, to June 
26, 1975. Solid Hoes represent 
generations of first-bora and 
broken lines generations of last- 
bora individuals. 
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that the life of those in the former series was shorter than that of those 
in the latter, the difference, however, not being very great. And if the 
individuals in the A series during the spring of 1915, the third year of 
the experiment, are compared with the individuals in the C series it will 
he noted that the average length of life is also somewhat less in the A 
scries than in the C series. An adequate comparison, however, is difficult 
here, as Uiere were fewer individuals in the former than in the latter series. 
In fact, there were only three first-bom individuals in the A series as 
compared with eight lirst-bom in the C series. 

NUMBER OF GKNERATIONS PER YEAR 

A maximum of 33 generations of first-born individuals was obtained 
in the A series during the first year and a minimum of 9 generations of 
last-bom individuals, making approximately 21 generations for the year. 
The following year (1914) a maximum of 21 first-born generations was 
reared^ and a minimum of 7 generations was reared until September, 
when the last generation gave rise (0 oviparous females. 

The total number of generations for the whole, series, as will be noted 
by referring to Table I, was 71 of the first-born and 18 of the last-bom 
individuals 


TaoliJ I. First and last born generations, date of birth, reproductive period in days 
daily average and tota I number of young, total length of life, and maximum and minimum 
temperature during udiich each generation of Toxopkra graminum lived. Columbia 
S. C., igij-iois 

SERIES A 


Piist- 

bom. 


Mar. 14 to SI; 

26 to 
Apr, 7 to 

21 to 

22 to June 
May 3 to May 

10 to June 
ig to 

27 to 

June 


1913- 


July 


Aug. 


27 
23 

1 to July 7 

4 to June 26 
17 to July to 
23 to 20 
30 to 28 

2 to Aug. 3 

5 to July zS 
10 to Aug, 
x6 to 
22 to 

28 to 

29 to 
2 to 

8 to Sept. 


Rcjito- 
ductive 1 

ptricKl, I 


Days. 

‘28 

53 


2. 64 

2 - 33 
4. 00 
6. so 

1, 28 

2. 46 
2. 64 
2. 12 
1.36 
2. 08 
3.00 
4 - 13 
2. 82 

2. 75 
1. 72 

3 - 64 

4.13 
3' 71 
4.66 

4- 75 

3. 68 

4.25 

3. S8 
3* 48 


Length 
of life. 


Days. 

58 

46 

39 

16 

4r 

25 

23 

39 

27 

36 

22 

23 

27 

28 
32 

23 

22 

23 
32 
30 

29 
22 

30 

18 


TemperatuK. 


Maxi- 

mum. 

Mini- 

miun. 

'‘F. 

'F. 

93 

42 

93 

42 

93 

42 

93 

42 

97 

42 

93 

51 

97 

51 

98 

47 

98 

47 

100 

47 

98 

47 

100 

6S 

100 

65 

102 

65 

102 

65 

102 

^5 

102 

69 

102 

67 

96 

66. 

96 

6i 

96 

6t 

95 

61 

95 

61 

93 

61 


ao 1 to 2 j 13 I g I j I 

Owmg to its ktge sic it could not be included 
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Tabls I . — First and last born generations, date of birth, reprodncfive Period, in days, 
daily average and total number of young, total length of life, and maximum and minimum 
temperature during which each generation of Toxoptera graminum lived, Columbia, 
S. d., igiS-^gi5—^ntimicd 

SERIES A — continued 



Young. 


Temperature. 

ductivc 

period. 

Daily 

average. 

Total. 

Length 
d Ide, 

Maxi* 

musn. 

Mini- 

mum. 

Days. 

21 

3-04 

64 

Days. 

36 

’F. 

93 

•F. 

48 

18 

2.88 

52 

25 

93 

56 

*10 

3. 20 

32 

15 

93 

61 

20 

2. 50 

50 

28 

92 

48 

21 

3- 14 

66 

30 

91 

48 

21 

2. 04 

43 

33 

88 

47 

32 

2. 00 

64 

58 

, 86 

26 

42 

1. 66 

69 

72 

86 

34 

46 

1. 71 

77 

48 

85 

28 

26 

1. 07 

28 

36 

8S 

26 

41 

1. 68 

69 

56 

78 

24 

52 

1. 16 

61 

93 

78 

24 

62 

I. 30 

8r 

7S 

78 

24 

60 

I. 36 

82 

86 

78 

24 

53 

I. 01 

54 

62 

74 

2t 

17 

■47 

8 

45 

74 

24 

23 

3-30 

76 

79 

78 

21 

41 

I- SI 

62 

77 

84 

21 

23 

2. 26 

52 

53 

‘ 92 

29 

29 

3-03 

78 

45 

92 

40 

27 

2. 74 

74 

41 

92 

40 

10 

3- 50 

35 

25 

92 

40 

8 

3- 50 

28 

23 

92 

40 

‘ 16 

2. iS 

35 

25 

93 

52 

14 

3-Ss 

54 

24 

93 

52 

22 

3- 50 

77 

30 

96 

52 

4 

5.00 

20 

17 

99 

55 

13 

4-38 , 

S6 

31 

99 

56 

17 

4. II 

70 

23 

99 

61 

14 

3-85, 

. 54 

27 

103 

60 

17 

2’ 35 

40 

27 

103 

60 

12 

1^50 i 

18 

12 

98 

60 

2 

1. so 

3 

12 

103 , 

60 

20 

2. 65 

53 

33 

103 , 

62 

39 

1.25 

49 

21 

98 

62 

16 

2. 62 

42 

24 

98 

62 

13 

2.3^ 

31 

21 

102 ^ 

67 

7 

3‘ S6 

35 

15 

102 1 

61 

17 

3‘05 

52 

34 

102 

61 

19 

2. 57 

49 

30 

102 

6i 

^7 

3‘b4 

62 

35 

98 

68 


4.00 i 

52 i 

18 

93 

68 

^5 , 

3.66 

55 1 

23 I 

94 


- IS , 

3- S3 

S3 1 

34 1 

94 

i 63 

12 

4. 66 

5^ i 

20 1 

94 

39 

23 

1. 78 

41 

>30' 

94 

^ 69 

20 i 

2. 60 

52 

; 44 1 

94 

39 

16 i 

4- 56 

74 

'45 I 

94 

39 

23 

1.86 

. 43 

39 

94 

39 

17 

4. 00 

" 68 

41 

94 

33 


Fust- 

bora. 


Last- 

bom. 


1913, 1913. 

Aug. 20 to Sept. 25 
zi to 15 

27 to II 

Sept. I to 29 
8 to Oct. 8 
13 to 16 
20 to Nov. 17 
29 to Dec. 10 
7 tef Nov. 24 
10 to 15 
16 to Dec. ir 


Oct. 


1914. 

Oct. 29 to Jan. 30. 
Nov. 14 to 28. 

18 to Feb, 12 . 
Dec. 3 to 3. 


1914. 

Jan. 

Feb. 

Mar. 

Apr. 


to Feb. 21 
24 to Apr. 13 

2 to 20 

7 to 29 

28 to May 12 

3 to 14 

7 to 2 

19 to 12 


May 


28 to 
6 to 
9 to 
13 to 
21 to 
20 to 


23 

T 

June 8 
May 30 
June 21. 


June 

2 to 


29. 


5 to 

July 

2. 


9 to 

June 

21 , 


14 to 


26. 


22 to 

July 

25- 


29 to 


20. 


29 to 


23 - 

July 

6 to 


27. 


13 to 


28. 


19 to 

Aug. 

22. 


20 to 


ig. 


27 to 


31- 

Aug. 

3 to 


21 


8 to 


31 


13 to 

Sept. 

16. 


Sept. 


14 to 
20 to 
27 to 

2 to 

3 to 


Oct. 10 
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Tabi^B 1 — First and last born generations, date of birth, reproductive period xn days ^ 
daily average and total number of young, total length of life, and iMximumandmtntntwn 
temperature during uhick each generation of Toxoptera gramtnum lived. Columbta, 
5. C. , /p/ J-19/5-^ntinued 

SERIES A— continued 



Genemtions. 


Repru 

duclive 

period, 

VoUQg. 


Tempeiatuie. 

Firnt- 

boru. 

Last- 

born. 

Dates. 


Daily 

average. 

Total. 

of life. 

Maxi- 

mum. 

Mini- 

tnum. 

SO 


IQI4. IQI4 

Sept. 17 to Oct. 

10, . 

Days. 

16 

2. 68 

47 

Days. 

23 

88 

*F. 

51 

60 


23 to 

28.. 

24 

2.45 

59 , 

35 

86 

V 34 

61 


Oct. 3 to Nov. 

14.. 

♦ 28 

2-35 

66 

42 

86 

34 


a j8 

8 to 

6.. 

0 

. 00 

0 

29 

86 

34 

62 


10 to 

26. . 

6 

3' 33 

20 

47 

86 

51 

63 


19 to Dec. 

' 2. . 

32 

I. 56 

50 

44 

81 

22 

64 ' 


30 to 

17..' 

1 

28 

I, 42 

40 

. 48 

81 

21 

6?;! 


N^ov. 12 to J:m. 

'18. .i 

1 

i 41 

.92 

37 

67 

75 ' 

21 

66 


Dec, 2 to Feb. 

^■1 

! 14 

! 

I. 28 

18 

63 

65 

21 

67 


Jan. iS to I'ob. 

1 

26.. i 

i 

i I 

i 

2. 00 

2 

39 

72 

27 

68 


Feb. 25 to Apr. 

27. . 

1 20 

3. 10 

62 

61 

89 

30 

6g 


Apr. 7 to May 

16. . 

i 16 

•37 

6 

39 

92 

44 

70 


30 to June 

9.. 

i I 

I. 00 

I 

40 

93 

56 

71 


May 2 5 to May 

31. . 

0 

. 00 i 

0 i 

! 

6 1 

93 

58 


bl-KIES B 




1914. 1914 








I 


Mar. 

23 to May 

12 , . 

25 

2. 72 

68 

so 

92 

31 

2 


Apr. 

3 to 

24 • 

23 

3 - 30 

76 

51 

96 

37 

3 



16 to 

25 ■■ 

23 

2- 73 

63 

39 

96 

40 

4 



26 to 

15 - 

10 

2. 30 

23 

19 

92 

52 


2 

May 

27 to June 

3 - ■ 

21 

> 2. 66 

56 

37 

96 

52 

5 


4 to May 

1.5 . ■ 

2 

4. 00 

8 

II 

92 

52 

6 



12 to June 

18.. 

t6 

5- 00 

80 

37 

99 

S 5 

7 



20 to 

21 . . 

25 

2. 16 

54 

.33 

99 

55 

8 



26 to 

29.. 

14 

4 - 57 

64 

34 

103 

60 


3 

June 

29 to 

26. . 

11 

4. 00 

44 

28 

103 

60 

9 


2 to July 

9.. 

18 

2. 60 

47 

37 

103 

60 

10 



8 to 

3 -- 

8 

4 - 75 

38 

25 

103 

60 

It 



13 to 

ri. . 

20 

I- 45 

29 

28 

103 

60 

12 

1 


21 to 

IS- 

9 

4. 11 

37 

i 24 

103 

62 


1 ^ 


2 2 to 

16. . 

IS 

2. 40 

36 

j 24 

103 

62 

13 


July 

29 to Aug. 

4. . 

27 

1.29 

3 S 

i 3 ^ 

100 

61 

14 

^ 

6 to 

8, . 

22 

I. 81 

40 

33 

102 

61 


5 


1 1 to July 

29. . 

9 

2, 88 

26 

18 

102 

67 

^5 



13 to Aug. 

17 

25 

1. 80 

45 

35 

102 

61 

16 



20 to , 

22. . 

20 

2,15 

43 1 

33 

102 

61 

17 



29 to Sept. 

4. . 

28 

2. 42 

68 

37 

94 

68 

18 

6 

I 

Aug. 

29 to 

5 to 

2. . 

8., 

16 

22 

3, 00 
, 2.50 

48 
60 1 

■ 35 

i 34 

94 

'94 

68 

66 

19 



ji to 

10. .' 

^ 9 , 

3.36 

64 

30 

94 

63 ' 

20 

1 7 


17 to 

8.. 

13 

3 ‘ S 3 . 

S 3 

22 

94 

63 



fS to 

22. . 

13 

4. 00 

52 

35 

94 

39 

22 

1 

i 


24 to 

28 to Oct. 

25- • 
7- 

27 

26 

2. ti 
1.84 

57 

48 

32 

40 

94 

94 

39 

39 


« Oviparous female. 
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Table I . — First and last bom generations, date of birth, reproductive period in days, 
daily average and total number of young, total length of life, and maximum andminimum 
temperature during which each generation of Toxoptera graminum lived. Columbia, 
5. C., — Continued 

SERIES B — continued 


Generatioas. 

Repro- 

ductive 

period. 

Youuff. ' 

Length 
uf lile. 

Temperature. 

Eil^t 

bom. 

Last 

bom. 

Dates. 

Daily, 

average. 

Total. 

Maxi' 
mu in. 

Mini- 

mum. 



1914 


1914. 


Days. 



Days, 

’ F. 

” F. 


8 

Sept. 

S 

to 

Oct. 

19, . 

28 

2. 00 

56 

44 

94 

39 

23 



II 

to 

Nov. 

15" 

24 

2. 54 

61 

34 

88 

39 

24 



21 

to 

2 . . 


I. 61 

55 

42 

86 

40 

25 



30 

to 

Oct. 

10. , 

2 

I. 50 

3 

10 

85 

57 

26 


Oct. 

8 

to 

Nov, 

14.. 

28 

2, 07 

ss 

37 

86 

34 


9 


12 

to 

Dec. 

3' ■ 

42 

.90 

38 

- 52 

84 

22 

27 




to 


14. , 

41 

.76 

31 

60 

81 

22 

2S 



26 

to 

Nov. 

24. . 

14 

I-3S 

19 

29 

81 

22 

29 


Nov. 

10 

to 

1915 

Jan. 

5 " 

24 

.66 

16 ; 

56 

70 ; 

21 


10 

Dec. 

I 

to 

Feb. 

4< 

17 

1.47 

25 I 

65 

71 

21 

30 



2 

to 

Jan. 

13"! 

0 

. 00 

0 

42 i 

65 

21 



I9IS' 











11 

Feb. 

3 

to 

Apr. 

13" 

26 

•73 

19 

} ^9 

83 

27 


SERIES c 




1915. 1915. 







I 


Apr. IQ to May 17., 

22 1 

1. 63 

36 

37 

92 

44 

2 


20 to 18 . . 

19 1 

1. 94 

37 

28 

92 

54 

3 


28 to 13.. 

7 1 

r. 71 

12 

15 

90 

56 

. 4 


May 6 to June 20. . 

25 i 

2. 20 

55 

45 

95 

56 


2 i 

1 1 to 2 . . 


I. 60 

1 24 

1 22 

1 93 

. 56 

s ; 


14 to 21. . 

23 ! 

2. 04 

1 

1 38 

95 

56 

6 


21 to 21 . . 

I 

1-73 

26 

; 31 

95 

56 

7 


31 to 30. 

15 

I. 60 

24 

30 

j 95 

56 


! ^ 

31 to 26. . 

1 18 ! 

2. 44 

1 44 

26 : 

95 

56 


VARIATIONS IN DURATION OF INSTARS AS AFFECTED PRIMARILY BY 
TEMPERATURE CONDITIONS 

Temperature conditions play an important r61e in the duration of 
instars in Toxoptera graminum. To ascertain the exact variation in 
length of instars a series of molting experiments was conducted iii 1914 
during the months of March, April, May, June, and August. It was 
intended that a series should be conducted eyery month for one whole 
year, but other pressing work prevented this. Enough data, however, 
have been gathered from the experiments actually carried on to show the 
positive influence of this factor. 

By referring to Table 11 it will be seen that, there was a gradual 
decrease in the length of individual instars from March to August, the 
, instars ia March having been from two to three times as long as those in 
August. 



Table II . — Duration oj instars of Toxoptera graminum, Columbia, S. C. , TQ14 
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The relation between temperature and immature stages is still more 
clearly brought out by comparing the average length of the immature 
stages of each series with the average mean temperature of the period dur- 
ing which each series was conducted. This comparison is wMl illustrated 
in figure 7. By referring to this diagram it will be noted that there was 
a marked shortening in the length of the immature period as the tem- 
perature of each month became higher until the month of June was 
reached. The length of the immature period in August was about the 
same as that for June when the temperature was becoming higher. 

The temperature curve 
and immature-period 
curve crossed in April. 
From this we may 
conclude that the 
length of the imma- 
ture period is marked- 
ly affected until a 
certain point is 
reached, after which a 
higher temperature 
apparently has little 
or no effect in short- 
ening the length of 
this period. 

It is quite probable 
that had the experi- 
ments been carried on 
as originally planned, 
the immature-period 
cun e v/ould show an 
upward course after 


X, 

c 

i 

1 

0 
E 

1 

£ 

e 

0 






\ 




c 

b 

? 

c 

s 

✓ 

! 




B 

E 

1 

i 

• 





i 

u 

V 

£ 




MAY 

JuNC 

AU&UHT 



I'UJ. 7.-GrapIi showing effects oJ temperature upon Icngtn of imma- 
tnre penod of ToxopUra gramnum, plotted against the mean date of 
the immature period. 


August and the temperature curve a downward course, the two curves 
crossing later on in the fall of the year. 

In figure 8 tfie length of the immature period of the individuals is 
plotted against the mean temperature for the period during which the 
expenraents were in progress. 

REARING METHODS 

In conducting the life-history studies of this species 6-inch flowerpot 
«ges suppled with lantern chimneys covered with cheesecloth were 

utihKd. Oa s were used as host plants throughout the year. These 

Z? conditions throughout the year in an 

raised dunng sunny days to admit the warm sun’s rays. Care 
was taken, however, that the rays did not strike the chimney Lem Is 
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this would have raised the temperature and produced abnormal condi- 
tions. At night and during cool, blustery days the curtains were lowered. 
An interior view of the shelter is shown in Plate 12, B. The arrow on 
the left of the figure points to the Toxoptera cages. 

In conducting molting experiments it was found that a smaller type of 
cage than that used for line breeding gave best results. Three-inch 
flowerpots supplied with toy- 
lantem globes covered over with 
cheesecloth proved very satisfac- 
tory. Owing to the small size of 
these cages there was less chance 
for the indi\dduals to get lost. 

Black fiber paper, such as is used 
in picture framing, was placed in 
the bottom of the cages, and this 
assisted very greatly in detection 
of the molted skins, which, being 
whitish, were conspicuous against 
the dark background. 

CONCLUSION 

Although valuable information 
on the life history of this species 
in the South has been obtained 
from these studies, further work 

. t * 1 as figure 7, but iu this diagram the aver- 

is necessary to prove conclusively length of the immature p€ri<jd of Toxoplera grami- 

all the questions raised. One plotted against the average temperature for 

point has been proved in these 

investigations, and that is that oviparous forms develop in the latitude 
of Columbia, S. C. Whether or not the strain becomes weaker as it 
grows older requires further experimentation before we may be at all 
certain regarding it. The foregoing experiments would indicate this; 
yet it was found that insufficient control experiments had been con- 
ducted with the main series. 





PLATE 13 
Toxopiera graminwm 


A. —Outdoor breeding shelter or insectaiy at Columbia, S. C., in which the cages 
were kept throughout the season. 

B. — An interior view of the same. The arrow points to the cages used in rearing 
the insect. 


(no) 





CAN BIOI.OGIC FORMS OF STEMRUST ON WHEAT 
CHANGE RAPIDLY ENOUGH TO INTERFERE WITH 
BREEDING FOR RUST RESISTANCE?' ^ 

By E. C, Stakman,^ Head of the Section of Plant Pathology, Division of Plant Pathology 
and Botany, Deparbnent of Agriculture, University of Minnesota, and John H. 
Parker and F. J. formerly Scientijic Assistants, Office of Cereal Invesii' 

gations, Bureau of Plant Industry, United States Department of Aqriculture^ 

COOPERATIVE INVESTIGATIONS BETWEEN THE AGRICULTURAL EXPERIMENT 
STATION OF THE UNIVERSITY OF MINNESOTA ANT) THE BUREAU OF PLANT 
INDUSTRY OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 

INTRODUCTION 

Doubt has often been expressed whether it is possible to breed cereals 
permanently resistant to rusts. The opinion is commonly held that 
either the newly developed resistant variety loses its resistant quality or 
that the particular rust in question adapts itself to the new variety. The 
fundamental facts ought to be known if breeding is to be successful. 

There are two main possibilities, besides mutation, as far as the rust is 
concerned. It is possible to assume that a highly resistant variety may 
occasionally be weakly infected by the rust and that, as a result of its 
sojourn on the host, the rust acquires additional virulence, thus enabling 
it to infect the variety with progressively greater case. If this assumption 
be true, the degree of virulence of a rust on a particular cereal variety 
should be directly proportional to the length of its association with that 
variety, or a physiologically similar one. The second possibility is that 
the rust may be changed by a closely related host variety, species, or 
hybrid. That is, assume the presence in a breeding plot, or in a wider 
area, of varieties completely susceptible (S), moderately susceptible 
(S — ), moderately resistant (R — ), and highly resistant (R) to a given 
rust. The rust from S might not be able to pass directly to R, but 
might be able to pass to S — , thence to R — , and thence to R. S — and 
R — would therefore act as intermediaries or bridges between S and R. 
The rust having once growm on R could then continue to infect R. 

If such hypothetical cases as cited above actually occur in nature, the 
value of breeding for rust resistance would be problematical. It was 
for this reason that the work reported in this paper was undertaken. 

’ published, with the approval of the Director, as Paper 120 of the Journal Series of the Miaaesota Agri- 
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HISTORICAL REVIEW 


Ward f/n/ as a result of his extensive work with biologic forms of 
the rust of bromes {Puccinia dispersa Krikss.), first suggested the pos- 
sible occurrence of bridging hosts. He suggested that bridging hosts 
might be hybrids or varieties taxonomically linking one predisposed 
species witli another. Freeman (4) obtained results similar to Ward's. 
Saliiion (7) concluded that biologic forms of Erysiphe graminis DC. on 
the genus Jiromus might be broken down by the use of bridging hosts. 
Freeman and Johnson (5) and Johnson (^ 5 ) obtained evidence that 
i)ridging hosts nhglit also, in some cases, enable a biologic form of P. 
grttmiv.ii I’ers. to infect a host plant which was normally immune. 
Staknian and Stakman and Piemeisel (9), on the other hand, could 
not get any evidence of bridging, nor of rapid changes in the parasitic 
capahililies of biologic forms of P. graminis Pers. 

AUiiough Ward first suggested the possible significance of hybrids in 
connection with bridging, Pole Evans (j) first called attention to the 
actual effect of such hybrids. He found that when immune and sus- 
ceptible wheats were crossed, the resulting hybrid, whether infected 
naturally or artificially, was more susceptible to Puccinia graminis than 
the susceptible jiareiit. In addition, he found that the rust from the 
hybrid was more virulent on the susceptible parent than the rust from 
that parent itself, and had even acquired the power to infect the im- 


mune parent. It therefore acted as a bridge between the susceptible 
parent and the immune parent, and intensified the action of the rust on 
the susceptible parent. The significance of these results is obvious, and 
if they were of universal application the outlook for breeding and suc- 
cessfully growing rust-resistant wheats would be discouraging. 

Hifieii (/i had previously shown resistance in wheats to the yellow- 
rust Puccinia glumanim Krikss. and Heim, to be a recessive Mendelian 
character and found that the relatively immune forms bred true. After 
the publication of Pole Evans's results, Biffen {2) pubHshed the results 
ol extensive experiments, showing that F, individuals resulting from 
crossing susceptible and immune wheats show definite segregation. An 
analysis of the F, plants proved that 25 per cent of the individuals were 
relatively immune. These bred true, at least from 1907 to 191 1 Some 
of the susceptible forms bred true, while others produced offspring 
wimli segregated into immune and susceptible fonns in the ratio i to 3 
Biffen also states that some ot the susceptible plants are more sus- 
ceptible tliau the susceptible parent, but that even if plants of the F, 
Scncration can act as a bridge between the susceptible and immune 
fonns, the ctTeete in the held are negligible. In support of his statement 
he p onus to the facts that the immune parents remained practically 
nist-fre c tor eight je asons, even whe n gro^g near F, plants of resistant 

‘ is made by number (italic) to -'Uterari^^T^y p. ' 
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and susceptible parentage, and that such sharp 3 to i segregation could 
not occur in the Fj generation if plants with the constitution RR similar 
to that of the immune parent could be infected by rust from the DR 
plants. His Fg resistant plants were still as resistant as those of the 
F3 generation. He directs attention to the fact that Rivet wheat, one 
of the oldest English varieties, is still resistant to P. gluniarum, and 
that einkom, possibly the first wheat to be cultivated, is still resistant 
to most rusts. He concludes that if varieties lose their immunity, 
either on account of some change in their own nature or on account of 
increased virulence of the rust, the change is too slow to affect the work 
of plant breeders. 

EXPERIMENTAL METHODS 

In the experiments with Puccinia graminis iritici-compactit unless 
otherwise specified, the grains used were Haynes Bluestera wheat, 
(Minnesota 169, Triticum ‘vulgar e)\ Manchuria barley (Minnesota 105, 
Hordeum vxdgare)', Swedish rye (Minnesota 2, Secale secale)\ and Im- 
proved Ligowa oats (Minnesota 281, Avena saiiva). The methods used 
were similar to those described by Stakman and Piemeiscl (lo, p. 

431-432)’ 

In estimating the degree of infection, more significance was attached 
to the character than to the number of uredinia. The total number of 
uredinia produced is no adequate index of resistance unless the size be 
considered together with flecking or yellowing of the leaf. All the 
inoculated leaves of a highly resistant variety often become infected, 
but the character of infection is quite different from that in a susceptible 
variety. 

On resistant varieties the uredinia are usually smaller, less confluent, 
and are usually surrounded by a more or less definite yellowed or whitened 
area, while the uredinia on susceptible plants produce more spores, 
become larger, and tend to coalesce. This difference is shown clearly 
in Plate 14, in which A and B show a susceptible form, while C and D 
represent a partly resistant variety. The differences between the sus- 
ceptible Marquis shown at B, Plate 16, and the resistant Kubanka shown 
at C and D may appear indistinct at first glance; but close observation 
shows clearly the much more pronounced whitening of the tissues near 
the uredinia on the partly resistant Kubanka. Usually the uredinia on 
Marquis are larger than those shown in B, while those on the Kubanka 
at C and D are about normal. An almost immune form is shown at D 
and E, Plate 15. 

The difference between moderately susceptible and completely sus- 
ceptible hosts, such as that between club wheats infected with P. 
graminis triiici-compacti and barley infected with the same rust, may be 
shown in degree of infection only. Barley is infected fairly normally, 
but not so heavily as club wheats. 
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The wheat hybrids inoculated with P. graminis triiici included and 
Fy generation plants, with those of resistant and susceptible parents for 
comparison, and in addition F^ plants of a hybrid which was breeding 
true for the agronomic characters and showing partial resistance to stem 
rust. Seedlings of Bobs, one of the parent varieties of the cross described 
by Pole Evans (5), were also tested. 

The Fi plants were of the cross Haynes Bluestem (Minnesota 169; 
susceptible) X Kubanka (Cl ^ 2094; resistant). Fg plants of two dif- 
ferent crosses were used: White Spring emmer (Miimesota 1165; very 
resistant) X Marquis (susceptible) ; and Marquis (susceptible) X 
Kubanka (Cl 2094; resistant). The Fg plants were of the cross Haynes 
Bluestem (Minnesota 169; susceptible) X Kubanka (Cl 2094; resistant). 
Inoculation methods with seedlings were the same as those already 
referred to. The F^ and Fj hybrid plants, which served as sources for 
the material used to inoculate seedlings of the parent varieties, were 
inoculated at time of heading, placed in a large metal moist chamber 
for two days, then removed to the greenhouse bench. 


RESULTS 

Attempts were made to change the parasitic capabilities of P. gram- 
inis tritici-compacti, a new biologic form recently described by Stakraan 
and Pieineisel (ro), both by the use of what should theoretically be 
bridging hosts and by confining the rust for a period of time to an un- 
congenial host. This rust was selected on account of its action within 
the common-wheat group {Tritiewn mUgare), Most hard spring wheats, 
such as Haynes Bluestem, Fife (Minnesota 163), and Marquis, as well 
as many winter wheats of the Crimean group, are resistant, while most 
soft wheats, such as Early Baart, Dicklow, and Washington Bluestem, 
are quite susceptible, as are also the club wheats. The rust differs but 
little from P. graminis iritici except in its action on hard wheats of the 
7 . vnlgare group.^ A number of grasses, barley, and' club wheats are 
equally congenial hosts for both forms. It would seem that if P. gram-^ 
witT tritici-compacti could be induced to transfer normally to resistant 
hard wheats at all, one of the hosts common to both rust forms should 
act as an intermediary or bridge between the susceptible grass or wheat 
and the resistant hard wheat. Barley, which has been sho'wn by Free- 
mari and Johnson (3, p. 18) to act as a bridge for P. graminis between 
various cereals, w-as used in the expectation that it might act as a bridg- 
ing host in this case also. The results are given in diagram i. 


Expi^anation of diagrams I TO 3 

K ^ represented by "W,” barley by "B/' club wheat 

*<nr ^ ” Transfers are indicated by dashes; thus 

% B means that the rust was transferred from wheat to barley and to all other 
cereals indicated m the same vertical column. The results of inoculations are given 


> Cl-Ccreal InvesUgaUom No. * See Staking and Piemdsel («. 


p. PI. S4, ss)’ 
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in the form of a fraction, the denominator indicating the total number of leaves inocu- 
lated and the numerator the nximbcr which became infected. The number of leaves 
which became distinctly flecked but did not develop uredinia, is given after the 
semicolon. The degree of susceptibility is indicated after each tracer as follows: 
(s), very susceptible; (s — ), moderately susceptible; (r— ), moderately resistant; (r), 
very resistant; (i), immune. Although the word “immune” is used, it is quite 
likely that oats may be very rarely, indeed, and very weakly infected. 


Diagram i,— E ffect of barley on tiie parasitic capabilities of Puccinia erammis Irilici-cimpacti 


Rr.: 7(r) 


Puccinia graminis fritici-j 
compacti from . 

glaucus, ^W^(r)— B^(s— )- 


W|; (i(r) 


CW-^(s) 


0-(i) 





14 ^ 

31' / 

|b|(s-) 

w;^; 3 (r) 

0 ^ 3 (i) 

W^^(r) 

W-(r) 

14^ 

W-; ii(r) 
13 ^ ' 

i W— ; io(r) 

1 22 ^ ' 




6 (r) 
10 ^ ' 






0 °(i) 




It will be seen from diagram i that club wheat and barley are suscep- 
tible to the rust, which develops normally on both, although it grows 
more luxuriantly on club wheat. It is equally clear that barley did not 
enable the rust to attack Haynes Bluestem wheat any more readily than 
it could before having been transferred to barley^ The rust was con- 
fined to barley for seven successive “ urediniospore generations” cover- 
ing a period of four months, and at the end of that time it had not 
acquired any additional virulence whatever on wheat. The same is 
true of its action on oats and rye. Neither did it lose any virulence as 
a result of its sojourn on Marquis wheat on which it developed very 
weakly. Incidentally the results also showed that the rust did not 
adapt itself to more luxuriant development on barley, on account of 
its long association with it. As indicated, the rust does not develop as 
luxuriantly on barley as on club wheat, and it never acquired that 
ability. In this case at least barley does not act as an intermediary or 
bridging host. 


57665 ®— 18 ’ 


a Marauis wheat 
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Club wheat is also a host for both P. graministritki and P, graminis 
triticUompacti. Theoretically, therefore, if bridging species really occur, 
this host might be expected to act as one on account of its close taxo- 
nomic relationship to the common wheats. When the tritici-compacti 
rust was found on club wheat in the field, therefore, inoculations were 
made on barley and wheat, and finally the rust was confined to club 
wheat for a period of about four months and transferred to wheat peri- 
odically. The result* are given in diagram 2. 


Diagmam 2— ESeit of club wheat on the parasitic capabilities of Puccinia graminis UUici-amtxKii 




CW-j 

25 ^ 39 ^ 

32 ' 

CW'^(s) 

! 34 


31 

: W^; 7 (r)-I 

1 4p ' 

CW^-^(s)- 
j 39 


W^(r>-W^;3(r) 
CwfJ(s)-CW^(s)- , . . 


w”(r)-CW-(s) 


cw;|(s)- 

Cw|J(s)-CW 100 per ceiit(s)— Cw|^(s)— 

1 CwH(s)- 


Wi(r) 

1 W-; 8 (r) 

[ 10' ' 


Club wheat did not change the rust at all; neither did the combination 
of barley and club wheat. As a matter of fact, one would scarcely expect 
club wheat to change the rust enough to enable it to attack wheat more 
easily, because it is found on club wheat in the field, and if this host 
changed the fungus it would not remain different from P, graminis 
iriiici. 

If neither barley nor club wheat enabled P, graminis tritici-^ompacti 
to parasitize common wheat more successfully, it would seem possible 
that some other species of Triticum or, more likely still, some susceptible 
variety of T. vulgarc might bring about the desired result. Representa- 
tives of the different species of Triticum were inoculated, but none 
seemed to give particular promise. Some of the soft wheats of the 
T. wlgare group were found to be susceptible and the rust was trans- 
ferred from them to hard wheats. The results were monotonously 
similar to those given in diagrams i and 2. 

After all att^pts failed with possible bridging hosts, the effect of 
successive vti^sfers to wheat itself was next tried. If a closely related 
variety or species can suddenly and fundamentally change a rust so as to 
enable it to pass to a normally almost immune variety, it seems reason- 
abje to suppose that, having once established itself on an almost immune 

* Inocuiatioiis made a month after material was collected: consequently few spores germinated, 
t Fite (Mixinesuta 163). 
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host, constant association with this host should increase its virulence. 
The results of trials to determine this are given in diagram 3. 

DiAOIUM 3,— Results of succesrive transfers oi Pwxmia pr®mri»M triHd-ctminKti to resistant wheat 

Hordewn jubatum ^s ) — 

W^°; is(r)-W^^(r)-W-i(r>> 


P. graminis triiici-compacii from Hordeum 
jubaium. 


Cwg(s) 

63 


P. graininis tritici-compacii from Elymus]^ 
glaucus. 


W^’(r)-W^^(r)-W?^(r>-W|i(r) 


R^(r)_R^; 

27 M 


There was no increase in virulence as a result of keeping the rust on 
wheat, the character of infection being the same at the end of the experi- 
ment as it had been at the beginning.® 

The effect of hybrids on P. gramnis tritici was next tried. The results 
are given in Tables I to V. 

Table I . — ResnlU of inoculations with P. graminis tritici on resistant and susceptible 
parents with rust from susceptible F-i hybrid and from stock cultures on susceptible 
parent 


Source of rust. 

Plant inoculated. 

Result. 

i 

Character ol infection. 

Stock cultures . , , . 

Haynes Bluestem. , 

50 

Heavy; numerous, large uredinia. 


do 

12 

Do. 



47 

Stock cultures .... 

Kubanka 2094 

19 
49 i 

Moderate; uredinia smaller, sharp 
flecks. 

Fi hybrid 

do ' 

47 

Do. 


I 

47 


The 1^1 hybrid plant shown in Plate 13, B, furnished the spore material 
for the inoculations made on the seedling leaves of the parent varieties, 
Haynes Bluestem (Minnesota 169), arid Kubanka (Cl 2094). Normal 

a Uredmism too wnatl to transfer. 

^ For the diaracter of infection of P. graminis trttici-compadi on Haynes Bluestem wheat (Minnesota 
169) see Stahman and Piemdsel (70, PL s$, A ). 
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uredinia appeared on leaf blades and sheaths, as well as on the fasciated 
glumes, and the plant was without doubt susceptible. The two series 
of inoculations, one from the stock cultures and the other from this 
hybrid plant, made on seedlings of Haynes Bluestera (Minnesota 169) 
gave similar results. In both series numerous uredinia appeared in the 
usual time and developed to normal size. There was, however, no 
evidence that Bluestem wheat was any more susceptible than when 
inoculated with rust from other plants of the same variety (PI. 14, A, B). 

Two series of inoculations made on seedlings of the somewhat resistant 
parent, Kubanka (Cl 2094) also failed to reveal any differences in degree 
of infection resulting from the source of the inoculum. Although ure- 
dinia were formed on all leaves inoculated, many of them were smaller 
than those on the susceptible variety and sharp flecks w^ere nearly always 
present, indicating at least some resistance. There was no evidence 
whatever that Kubanka (Cl 2094) was more susceptible to the rust from 
the hybrid than to rust from any other source (PI. 14, C, D). 


Table il . — Results of inoculations uiitk P. graminis tritici on resistant and susceptible 
parents u'ith rust from susceptible Fj hybrid and from stock cultures 


Source of rust. | 

1 Phut inoculated. 

1 Result. 1 

Character of injection. 

Stock cultures — ^ 

1 

Marquis 

49 

Very heavy; large uredinia. 


49 

F2 hybrid 



Do. 

•Nearly immune; no uredinia; 

Stock cultures. . . , 

1 

Ermner (Minn. 1165) 

5^ 1 

1 

0 


S 1 

i 

very small, light green flecks. 

F* hybrid 

do 

0 

Do. 

i 

i 


Table II shows the results of inoculations with the rust from the Fjj 
hybrid, White Spring emmer (Minnesota 1165) X Marquis, on seedlings 
of the two parent varieties, and furnishes the most convincing evidence 
that this particular susceptible hybrid does not increase the virulence 
of the rust for either parent variety. Normal uredinia on the hybrid 
plant shown at A in Plate 15, furnished the spore material used to inocu- 
late the seedlings of susceptible Marquis and the extremely resistant 
emmer parents. On all the seedlings of Marquis, normal infection 
resulted, both from inoculations made with rust from stock cultures, and 
with those from the susceptible hybrid. There was no observable diflter- 
ence in number or size of uredinia. Neither were there any indications 
of resistance, nor of increased susceptibiUty in those plants inoculated 
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with rast from the hybrid (PI. 15, B, C). A total of 115 seedlings of 
the remarkably resistant (nearly immune) emmer parent were inoculated, 
54 with rust from stock cultures, and 61 with rust from the susceptible 
hybrid, but not a single uredinium was formed. Very small light-green 
flecks appeared, but never developed into uredinia. In so far as indi- 
cated by these experiments, this emmer may be described as “once 
resistant, always resistant” (PI. 15, D, E). 


Table III . — Results of inoculations with P. graminis iriiici on resistant and susceptible 
Parents with rust from susceptible F2 hybrid and from stock cultures 

[Marquis X Kubanka (Cl 2094)] 


Source of rust. 

Plant inoculated. 

Result. 

Character of inlection. 



iS ; 

Moderately heavy; large, vigor- 
ous uredinia. 

Do. 

Fj hybrid 

do 

55 ‘ 

Stock cultures 

F3 hybrid 

Kubanka (Cl 2094). 

do 

47 

48 
48 

52 

Moderate; uredinia smaller, 
flecks present. 

Do. 



52 


Table III gives the results with the other Fj hybrid [Marquis X Kubanka 
(Cl 2094)]. The F2 plant from which urediniospores were used to 
inoculate seedlings of the two parents, is shown at A in Plate 1 6. U redinia 
are present on leaf, sheaths, and glumes. The results were similar to 
those previously described (PL i6, B, C, D). 

Having determined the effect of an Fj hybrid, and two F3 hybrids, it 
seemed advisable to try a hybrid of a later generation which was breeding 
true for such morphological characters as presence of awns, hairy chaff, 
durum-like shape of spike, etc. For this work, seed from the F# plants 
of the cross Haynes Bluestem (Minnesota i 6 q) X Kubanka (Cl 2094) was 
chosen. Seedlings were grown, and 66 plants were inoculated with rust 
from the stock cultures and the resulting urediniospores were used to 
inoculate seedlings of the two parent varieties. The results are given 
in Table IV. The inoculations on this hybrid show that it is not yet 
homozygous for the character of rust resistance, even though it has for 
several years been breeding true for other characters. Here again, as in 
previous trials, a sojourn on the hybrid did not increase the virulence of 
the rust on either parent perceptibly (PI. 17). 
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TabiH IV - — Results of inoculations with P. graminis tritid on resistant and susceptible 
parents and hybrid with rust from partially resistant hybrid and from stock 
cultures 


Soufct vi rust, “j 

riant iooculatcd. 

Hesult. 

Character of iilfectiou. 

Stock cultures. . . . 

Hybrid 4 X 38AA — 

i 

66 

j 

Variable; uredinia large and 
numerous on some leaves, 
small and few on others. 
Some leaves show sharp 
flecking, others none. 

1 

i Haynes Bluestem. . . . 

^ i 

Heavy 


59 

hybrid ^ 

1' 

1 do 

52 

Do. 


i 

52 


1 

Stock cultures. . . 

i 

Kubanka aoQ4 

i 

55 

55 

Moderate; uredinia small, 
flecks present. 

Fj hybrid 

1 

do 1 


Do. 


__ 

1 49 


GENKRAIv DISCUSSION 


The results of the experiments with P, graminis triiici-compacii show 
that barley which both theoretically and from the results obtained by 
previous inv^tigators might be expected to increase the infection range 
does not do so. Even susceptible varieties of wheat do not change the 
parasitic capabilities of the rust so as to enable it to attack a normally 
resistant variety. Furthermore, the rust does not acquire additional 
virulence when associated for a long time with a given host- Barley is 
moderately susceptible to the rust but the relations between host and 
rust are apparently the same regardless of the length of their association 
with each other. Wheats resistant to the rust remain resistant regard- 
less of the previous history of the rust. 

The results of the work to ascertain the effect of hybrids on P. graminis 
iriHci are not at all in agreement with those of Pole Evans (3), Bobs, 
the wheat found to be immune under the conditions of his experiments, 
is quite susceptible under our conditions, both in the field-rust nursery 
and greenhouse (PI. 13, A). Possibly the strain of rust in South Africa 
is not the same as ours. 

On account of the far-reaching significance of Pole Evans’s results, the 
utmost precautions were taken in the present work to detect any differ- 
ences which might appear in either the resistant or susceptible patents 
when inoculated with rust from the hybrid as compared with that from 
stock cultui^. In no case, however, was there the slightest evidence of 
any change in the virulence of the parasite, nor any indication that a 
short sojourn on a susceptible hybrid had given it any peculiar ability 
to cause normal infection on a heretofore resistant variety or to cause a 
more than usually virulent infection on a susceptible variety. 
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Observations in the rust nursery extending over a period of seven 
years also serve to strengthen the idea that rust resistance is a definite 
character present in a greater or less degree in particular varieties and 
not greatly influenced by cultural conditions. It has not been possible 
to build up resistance within a susceptible line by continuous selection 
nor to isolate resistant plants from such a line. Since 1915 several 
hundred varieties of all degrees of susceptibility and resistance have 
been grown in the same nursery with hybrids of the F3, and later 
generations and always under optimum conditions for infection — that is, 
in a severe epiphytotic of stemrust. No instances have been observed 
of a resistant variety being attacked by a form of stemrust able to cause 
severe infection, as would be expected if the hybrid plants near by 
could produce such a rust form. There are seasonal fluctuations in the 
severity of the rust attack, but the greenhouse experiments here reported, 
the experimental work in the rust nursery, and the field observations in 
several States with resistant varieties of spring and winter wheats, and 
with oats, all point to the conclusion that both rust and host are rela- 
tively stable. It seems more likely that resistant varieties will be only 
of regional value because of the occurrence of different biologic forms 
in various regions. 

There seems, however, no basis, from the facts now at hand, for the fear 
expressed by Pole Evans that these hybrids once produced will not only 
gradually lose their own power to resist attacks of the nist, but will 
also give the parasite new infection capabilities, enabling it to cause greater 
injury in susceptible varieties and even to attack previously resistant 

varieties. * 

SUMMARY 

(1) Neither barley nor club wheat enabled Piiccinia graminis tritici- 
compacti to attack resistant common wheats or other resistant cereals 
more vigorously than normally. 

(2) P. graminis triiici-compacti was confined to barley and resistant 
wheat for a number of successive generations, but it did not acquire 
increased virulence for these hosts. 

(3) The parasitism of P. graminis triiici-compacti was not changed by 
bridgii^ hosts nor by association with a given host. 

(4) P. graminis iriiici was used to determine the possible action of 
hybrids as bridging forms. Studies were made of F^, Fg, and F^ hybrids 
in comparison with their resistant and susceptible parent varieties. 

(5) Susceptible plants of the Fi generation of the cross Haynes 
Bluestem (Minnesota 169) X Kubanka (Cl 2094) did not enable the 
rust to infect seedlings of the resistant parent normally, nor to infect 
the susceptible parent more virulently. 

(6) The culture of stemrust on susceptible plants of the Fj generation 
of the cross White Spring emmer (Minnesota 1165) X Marquis had no 
appreciable effect on the parasite. 
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(7) Negative results were obtained in attempting to alter the infection 
capabilities of the rust by growing it for generation on susceptible Fj 
plants of the cross Marquis X Kubanka (Cl 2094). 

(8) Fj hybrids of the cross Haynes Bluestem X Kubanka (Cl 2094) 
were apparently homozygous for morphological characters but heter- 
ozygous for the character of rust resistance. Susceptible hybrid plants 
did not act as bridges for the rust. 

(9) The facts recorded in this paper, supported by experimental 
work in the rust nursery and by field observations, indicate that rust 
resistance is comparable with other permanent characters, and that 
it is not primarily controlled by seasonal conditions, soil type, geographical 
location, or other cultural conditions. It is rather an hereditary char- 
acter, which can not be produced by the accumulation of fluctuating 
variations within a susceptible line, nor broken down by changes in the 
host or parasite. 

(10) The resistance of wheat varieties may vary in different regions 
because of the presence of different biologic forms of rust. 

(11) There seems to be little basis for the belief that hybrids between 
resistant and susceptible varieties will exert a harmful final effect by 
increasing the virulence and host range of stemmst. 
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PLATE 13 

Pttccinia graminis tritici 

A. ~Oa seedlings of Bobs wheat (Cl 5047). 

B. — On susceptible first-generation hybrid, Haynes Bluestem (Minnescfta 169) X 
Kubanka durum wheat (Cl 2094). 

(m4) 












PtATB 14 

Pwxinia graminis Iriiici 

A. — On seedlings of Haynes Bluestem inoculated with rust from the susceptible 
parent — that is, Haynes Bluestem. 

B. — On seedlings of Haynes Bluestem, the susceptible parent, inoculated with 
rust from the susceptible first^eneration hybrid 16(2 X3)i* 

C. — On seedlings of partially resistant durum parent, Kubanka (Cl 2094), inoculated 
with rust from the susceptible parent, Haynes Bluestem (Miunesota 169). 

D. — On seedlings of partially resistant durum parent, Kubanka(CI 2094), inoculated 
with rust from the susceptible first-generation hybrid 16(2X3)1. 



PLATE IS 

Puccinia graminis iritici 

A. — laocuIaticFiis made on plants of susceptible second^eneradon hybrid of the 
cross emmcr (Minnesota 1165) X Marquis. 

B. — Seedlings of the susceptible parent, Marquis, inoculated with rust from the 
susceptible second-generation hybrid i5(BX 1)1- 

C. — Seedlings of the susceptible parent, Marquis, inoculated with rust from the 
stock cultures. 

D. — Seedlings of extremely resistant parent, emmer (Minnesota 1165), inoculated 
with rust from the stock cultures. 

E. " Seedlings of extremely resistant parent, emmer (Minnesota 1165), inoculated 
with rust from the susceptible second-generation hybrid 15(8X1)1. 



Biologic Forms of Stemrust on Wheat 


Plate 15 
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PLATE i6 

Puccinia graminis tritki 

A. — Susceptible second-generation plants from the cross Marquis X Kubanka (Cl 
2094), inoculated with rust from the stock cultures. 

B. — Seedlings of susceptible parent, Marquis, inoculated with rust from the sus- 
ceptible second-generation plants shown in A. 

C. — Seedlings of partially resistant parent, Kubanka (Cl 2094), inoculated with 
rust from the stock cultures. 

D. — Seedlings of partially resistant parent, Kubanka (Cl 2094), inoculated with 
rust from susceptible second-generation plants shown in A, 



PLATE 17 

Puccinia graminis iritici 

A. — Seedlings of susceptible parent, Haynes Bluestem (Minnesota 169), inoculated 
with rust from stock cultures. 

B. — Seedlings of susceptible parent, Haynes Bluestem (Minnesota 169), inoculated 
with rust from the partially resistant hybrid (4X3)8AA showm in C. 

C. — Seedlings of partially resistant F# hybrid (4X3)8 AA inoculated with rust from 
stock cultures. 

D. — Seedlings of partially resistant parent, Kubanka (Cl 2094), inoculated with 
rust from stock cultures, 

E. —ikedlings of partially resistant parent, Kubanka (Cl 2094), inoculated uith 
rust from partially resistant Fg hybrid (4X3)SAA shown in C. 



Biolc^i: rrrms of Storrruf! (vi 


Plate 17 
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